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The question of how young people and adults may be assisted to learn second and foreign languages most effectively is one which has received a great deal of attention in the instructed second language acquisition and pedagogical literature. Some inquiry methods focus on the learner and how s/he interacts with opportunities for learning, and others on the instructional process itself; the teaching method, the role of the teacher and the merits of form-focussed versus more naturalistic pedagogy (). Influences on the learner that have been studied include: the optimal starting age for second language learning (); the role of motivation in achieving proficiency (; ); the effects of various individual differences such as beliefs, affective factors, cognitive styles and learning strategies on outcomes; and whether prior bilingualism assists the learning of a third or subsequent language.
One approach which may offer new insights into influences on the success or otherwise of instructed second language learning is behaviour-genetic research incorporating a design which studies pairs of twins in order to separate genetic from environmental factors. There is a growing body of research which explores the influence of genetic endowment on levels of attainment in school subjects – in literacy (), in mathematics (), and in science (). This body of research addresses to a certain extent the ‘nature-nurture’ debate, and its findings have implications for educational policy and practice. For example, if it is found that aspects of language learning have low heritability, teachers may conclude that their learners’ achievement is more likely to be linked to favourable learning environments (policies, pedagogies, pedagogical materials, family support, etc) than to natural ability, or aptitude. If heritability of a particular subject is high, as in reading ability (), then educators might determine that some children will need more structured and intensive intervention than others in order to achieve their potential and to ensure equitable access to opportunity. () In this paper we report on a large scale study of twins designed to throw light on the influence of some of these factors on Instructed Second Language Acquisition (ISLA) among adolescent twins in Australia, where both twins are studying a second language at school. Additionally, we also present one of the first applications of twin design to further explore the specific influence of contextual factors in second language achievement in the classroom.
We use the term ‘second language’ (L2) in this paper to mean a language or languages that students are studying at school; which may in fact be a second or third or fourth language to them. We use this term in preference to ‘foreign language’, which has fallen into disuse because of its connotation of difference and disconnect, or ‘additional language’, which may in some contexts be reserved for immigrant learning of the dominant language of the community. In the Australian school system, these languages are referred to as LOTE (Languages Other Than English), but this term is not widely used internationally.
A brief description of the principles behind the use of twin research to isolate genetic and environmental factors is warranted. Identical (monozygotic, or MZ) twins share all of their genes, whereas fraternal (dizygotic, or DZ) twins share, on average, half of their segregating genes (the genes that make one person different from the next). Such twin research also relies on the ‘equal environments assumption’ (EEA), which allows researchers to distinguish family-based (shared) environmental influence from that which is individual to each twin (non-shared environments). In the context of the school-based achievement examined in this study, the shared environment could potentially include the school and/or the teacher if the twins are in the same school and/or class. 
For characteristics that are fully attributable to genes, MZ twins will be identical and DZ twins 50% alike on average. For characteristics that are fully determined by shared environment, both types of twins will be identical. For characteristics that are fully attributable to non-shared environment, twins will only be as similar as randomly selected individuals of the same age and gender. These idealized situations are rarely realized, but departures from them are used in behaviour-genetics to estimate the mix of genetic and environmental factors (shared and nonshared) affecting the characteristic under examination. 
In an earlier paper (), we reported findings from behaviour-genetic analyses on the language learning achievements of MZ and DZ twins. Our results showed that, at least as demonstrated by teacher ratings, success at learning a second language in school is heritable, with about two-thirds of variability among students attributable to genes. Shared environment accounted for about one fifth of variability, while non-shared environment, which includes measurement error, accounted for about one-quarter. There, we stated that “[w]e have also been unable to explore the effects of age on ISLA. Based on a sensitive period hypothesis, and given that for some students SLA instruction begins in elementary school, we could, with sufficient numbers, test the hypothesis that the etiological pattern differs as a function of the age at which SLA begins […] within our genetically-sensitive design” (). Unfortunately, our twin sample was not large enough to carry out behaviour-genetic analyses of the different factors that have been considered to influence outcomes in the literature on language learning. 
In this paper, we instead first explore the possible influence of some of these factors treating the twins as individuals, referred to hereafter as non-twin analyses. For this, our sample size is not only sufficient but possibly one of the largest to look at influences on attainment in second language learning. But, second, we are also able to make use of twin data by examining monozygotic (MZ) twins for clues as to the types of environmental effects that predict achievement. MZ twins share 100% of their genes as well as sources of shared environmental influence on a trait, which means that any differences between the two twins in a pair, if not due to measurement error, should be due to differential non-genetic influences, that is, unique environment. Examples of this would be one twin but not the other suffering an illness, having separate peers, being instructed by separate teachers, and so on. Thus, examining which variables correlate with or characterize difference scores between MZ twins for a given trait could give an indication of which environmental factors influence that particular trait, and our sample size is appropriate for such pursuits.
In particular, in this paper we set out to examine whether our data could throw light on four issues that are key in ISLA research: the effect of age on rate of learning, the effect of prior bilingualism, the effect of anxiety and the effect of attitude.
Age is perhaps one of the most widely-researched aspects of Second Language Acquisition, with much work investigating the existence or otherwise of a critical period or a sensitive period (; ) after which learning of another language is believed to be, if nothing else, much more effortful as well as limited in achievement. There is little consensus on the age which might mark the end of a putative critical period, and there is evidence that different linguistic aspects may be associated with different critical ages  ADDIN EN.CITE (; ; ; ). However, puberty is taken by many adherents to be a useful cut-off point and hence in our analysis we used the age of 12 to separate early starters from late starters. Puberty is a time when the brain undergoes dramatic changes which are likely to have cognitive consequences, among which is a decrease in the ability to acquire language (; ).
Since 40 children in the database came from families where there were indications of family bilingualism, we were able to investigate whether prior bilingualism had any effect on success in ISLA. While some scholars take the position that the underlying processes are the same for learning second or subsequent languages (; ), in recent years it has been widely recognised that third and subsequent language acquisition (TLA) is qualitatively different from SLA since the learner has two language systems to use as a basis for acquisition and, furthermore, prior learning experience is likely to play a role in the new learning task (). The Dynamic Model of Multilingualism proposed by Herdina and Jessner () suggests that not only does L1 influence L2, as is well-accepted in SLA, but that L2 influences L1, and the combined metacognitions and increased language awareness accruing from knowledge of two languages are brought to bear on the acquisition of a third, resulting in a recombinant and dynamic series of interactions. We were therefore interested to know whether prior bilingualism had an effect on success in learning an additional language in the school context. 
We were also interested in examining the effects of some of the individual differences regarding affective factors that have been extensively discussed in the SLA literature. One such is foreign language anxiety – a well-recognised phenomenon in SLA where “…some individuals report experiencing intense feelings of apprehension, tension, and even fear, when they think of foreign languages” (). Anxiety has been extensively investigated as part of the overall construct of ‘affect’ in SLA, both in instructed situations () and in naturalistic settings (). It is recognised as “… a measurable, L2-specific affective variable that is associated with….lower grades [and] lower proficiency performances” (). Since we were dealing with instructed second language acquisition in classroom contexts, we estimated that anxiety was more likely to feature in relation to speaking in class rather than to interacting with members of the target community, and our questions therefore targeted this aspect. 
The other affective factor we examined was attitude. Attitude to languages in general and to the learning of a specific language has long been known to correlate with success (; ), with much of the investigation of this topic taking place in the form of various conceptions of motivation. In much of the literature attitudes and motivation are conflated, but here we regard attitude to language learning as a subset of the larger construct of motivation for language learning, as do Mitchell and Myles ().
A dominant model in motivational research over many decades has been the socio-education model of Gardner and Lambert’s (), based on their work in Francophone Canada which introduced the distinction between instrumental and integrative motivation in second language learning, i.e., motivation associated with learning the language for practical reasons and motivation associated with the desire to understand the community in which the language is spoken. This led to the development of the widely used Attitude/Motivation Test Battery (AMTB) ().
This model is not, however, the most useful in understanding motivation in children and young adolescents learning an L2 in a classroom context: the desire to integrate is less relevant in a foreign language environment (), and it is thought that instrumental motivations do not develop in children until around the age of puberty (). Suggestions are that the ability to identify with the target language culture in such a way as to affect motivation do not appear until late adolescence (). Nikolov’s () study of Hungarian children aged 6 – 14 found that children’s motivations were more related to the classroom experience itself and to interaction with the teacher than with the instrumental reasons such as the potential for travel or employment-related benefits. Further work has instead focussed on intrinsic motivation, a concept inherent in self-determination theory () and which is sustained by ‘inherent enjoyment in the activity’ (). Our respondents ranged in age from 10 to 17, and hence the older ones could potentially demonstrate instrumental, intrinsic or (less likely) integrative motivation, while the younger ones may be more likely to be motivated, if at all, intrinsically, at least as suggested by Clément, Dörnyei and Noels (). We therefore asked questions which aimed to assess a) general attitude to language learning and b) attitude to their particular language class and teacher.

Materials and method
Since this article complements a behaviour-genetic study of twins already published (), some of the details regarding the participants and materials have already been reported in that article but will be repeated here for the reader’s convenience.

Participants
Participants were 615 individual twins who were learning a second language at school. They had been recruited out of a pool of 4,031 families of high school-aged twins registered with the Australian Twin Registry (ATR). Of these, 388 families had initially agreed to participate but only 308 families returned material, a response rate of 79%. Of the 469 teachers contacted, 258 (59%) returned the questionnaire.
The twins’ ages ranged from 10 to 17 (Grades 4 to 12). The total numbers of data points included for each of three proficiency rating measures (see below), and the twins’ mean age, and sex and zygosity ratios are reported in Table 1. 

Table 1. Maximum sample sizes, average ages (and S.D.), and percentages of females (F) and monozygotic (MZ) twins for each of the proficiency measures.
Proficiency measure	N	Age (yrs.)	% F	% MZ
Twin self-ratings	564	12.74 (1.68)	59	32
Teacher NC ratings	363	12.87 (1.79)	62	33
Teacher class rankings	253	13.10 (1.84)	63	36

Materials
We collected questionnaires from language teachers, one of the parents of each twin pair, and all of the individual twins.
Students’ proficiency in their second language was represented by 3 different measures:
	Self-ratings were derived from twins’ separately rating their own ability in each of the four key learning areas of speaking, listening, reading and writing on a 5 point scale ranging from “very good”, through “good”, “ok”, and “poor”, to “very poor”. Lower scores indicated greater proficiency.
	Teacher rankings were derived from the class ranking of each twin’s second language ability (e.g., 3rd out of 15 pupils), which was then converted to a percentage (e.g., if they were 3rd out of 15 pupils, their score was 20%). Thus, lower scores again indicated greater proficiency.
	NC ratings were based on teachers’ ratings of the skill level each twin had attained in the four key learning areas following the standardized UK National Curriculum assessment guidelines​[1]​ which provide detailed descriptions of each of nine levels (see Appendix A for an example; for full details, see http://curriculum.qca.org.uk/key-stages-3-and-4/subjects/modern-foreign-languages/attainmenttargets/index (​http:​/​​/​curriculum.qca.org.uk​/​key-stages-3-and-4​/​subjects​/​modern-foreign-languages​/​attainmenttargets​/​index​))​[2]​. These descriptions are meant to ensure consistency in the evaluation process. In contrast with the other two measures, in this case it is higher scores that indicate higher proficiency.
The parents’ and twins’ questionnaires contained standard demographic questions, questions assessing zygosity, and questions regarding the following​[3]​:
	Bilingualism – whether there were any languages that the twins either spoke or were regularly exposed to at home. (If the school language was the same as the home language the student’s data were excluded from the analyses. See Data preparation below for more specific information on this measure.)
	Starting age – age at which student had started learning the second language.
	SLA anxiety – student’s level of anxiety with respect to practicing the second language. (See Data preparation and Table 2 below for more specific information on this measure.)
	SLA attitude – student’s attitude towards second language learning in general, and towards the student’s particular language class. (See Data preparation and Table 2 below for more specific information on this measure.)

Data preparation
Some of the variables of interest could not be derived from responses to single questionnaire items and thus required preparation before they could be entered in statistical analyses. In this section, we detail which data underwent further processing and how it was prepared for the analyses that follow.
Proficiency. As reported in our previous paper (), we looked at whether the ratings for the four key learning areas of speaking, listening, reading and writing represented a single factor and could therefore be combined into one single measure. For this, we carried out a principal components factor analysis of the speaking, listening, reading and writing items for the teacher NC ratings, teacher rankings and twin self-ratings. If a single factor is found with this procedure to provide a parsimonious account of the data, the use of a single proficiency measure instead of 4 is warranted. We found that a single factor accounted for 74%, 88% and 90% of the variance for twin self-ratings, teacher NC ratings and teacher rankings respectively, suggesting that, for each of these proficiency measures, we could average across the speaking, listening, reading and writing items to form a single composite measure for each.
In the case of students for whom we had proficiency data about more than one second language, we chose to carry out the analyses on the language for which they had the highest ratings (either self-ratings or NC ratings), provided this was not a language already spoken at home.
For these analyses we conducted a square root transformation on the teacher ranking variable in order to approximate a normal distribution. The three proficiency variables were then standardized. We also covaried out the effects of (1) school year, (2) years spent studying an additional language, (3) age and (4) sex, since such effects could have introduced systematic biases on the proficiency estimates. For example, the number of years studying a language should affect the NC ratings (which should be higher the more years students spent studying a language), while it would be less likely to affect twins’ own estimate (which should be more dependent on comparisons with classmates than on attainment of specific milestones, as the NC ratings are). The covariation procedure recalculates the different proficiency measures as the residuals after using regression to adjust for the covariates mentioned.
Bilingualism. To examine whether early home bilingualism confers any advantages at ISLA, we first had to determine which students could be considered bilingual on the basis of their responses to several items in the questionnaires. We did not include a straight question about whether the students were bilinguals as this term has different meanings for different people. As indicative of bilingualism, we selected a number of items expected to correlate with degree of family (or individual) bilingualism:
	student reports that their home language was not English, 
	student reports of other language(s) spoken at home,
	student reports of being able to speak and understand other languages (apart from the one being taught at school),
	parent reports of speaking another language at (near) native level, 
	parent reports of other language(s) spoken early and regularly to the twins,
	student reports of having spent a substantial amount of time (three months or longer) in a country where English was not the official language. 
Responses to all of these items except the last one were on a 4 point Likert scale (“always”, “often”, “sometimes”, “rarely”). Students who had answered “rarely” to all of these and had not lived in another country were considered monolingual (N = 524). There were 40 twins who had responded positively to different subsets of these items. These were inspected individually and assigned to one of three categories according to the probability that the student was an early bilingual based on the combined responses to all these items. Students were considered bilingual (N = 36) if: a) they reported that their home language was not English, b) they reported another language, on which they were proficient, was spoken at home a substantial amount of time, and this was supported by parent reports of their own bilingualism and use of other languages at home, c) parents reported a history of other languages spoken at home at an earlier age and students themselves reported being somewhat proficient in that language even if they were no longer using it regularly. There were also some students (N = 4) who had merely been exposed to another language early on but appeared to have acquired no active knowledge of it. This last group was excluded from analyses of possible effects of bilingualism.
Anxiety and attitude. Students’ views and feelings about language learning and affinity for their language classes were probed by means of a number of questionnaire items asking them: if they thought language learning was important, if they liked it, if they admired people who could speak several languages, if they wanted to learn another language in order to get a good job, if they took every opportunity to practice outside of class, if they tried to say what they wanted even when they didn’t know the exact words, if speaking another language outside of class made them nervous, if they worried about making mistakes, if they liked their language class, if they liked their teacher, and if they worked hard for this subject. All these measures ranged from 0, very much true, to 3, not at all true. To assess how many psychological traits actually underlay the responses to the different questions, responses to these 11 items were submitted to a principal components factor analysis with Oblimin rotation. Kaiser’s rule suggested 3 factors, which explained 63.46% of the variance. But the scree plot suggested 1 factor. Accordingly, we run a 1, 2 and 3 factor solution and, of these, chose the 2 factors solution as this gave the simplest structure (i.e. the fewest cross loadings). This solution exhibited a very clean structure with pattern-matrix loadings greater than .50 and no cross-loadings above .18 for all items except whether students tried to say what they wanted in the second language even when they did not know all the words (see Table 2). This item, item i, was removed. The loadings indicated that the first component was what could be broadly considered attitude towards language learning and the language class (with high loadings, >.58, for questions about whether students liked learning languages, liked their language class, thought language learning was important, worked hard for this subject, liked their teacher, took every opportunity to practise outside of class, admired people who could speak several languages, and thought knowing a second language could lead to a good job), and the second was related to anxiety (with high loadings (>.77) for items on whether students felt nervous about speaking another language outside of class, and whether they worried about making mistakes). We therefore constructed 2 simple measures –attitude and anxiety – by averaging the items found to relate to each of the two components of the principal components analysis (PCA).






c	Finds language learning important	.797	.047
d	Works hard in class	.759	-.105
e	Likes teacher	.681	-.057
f	Practices as often as possible 	.635	.055
g	Admires speakers of second languages	.592	.182
h	Associates language learning with good job	.584	.143







In these section, we initially present the findings of the non-twin analyses. These analyses include both the MZ and DZ twins from the sample, and treat each twin as an individual subject (so each family contributes two scores, one for each twin). After the non-twin analyses we present the results of the MZ discordant analyses, which use just the MZ twin pairs and use just a single difference score for each twin pair (so each family contributes a single score). 
The non-twin analyses have a drawback: including both twins of a pair in statistical analyses violates the assumption of independence, and this inflates the p-values but not the test statistic. To overcome this, for the non-twin analyses we used (unless otherwise specified) mixed linear model analyses (MLM) run in SPSS, which, unlike general linear models, model not only the means but the variances and covariances as well. We specified the method of estimation as restricted maximum likelihood (REML). Then, to control for the interdependence within twin pairs, we entered two variables into the model as uncorrelated random effects (). The first specified the twins as pairs (i.e., each pair of twins had their own id number), and the second specified the effect shared by MZ twins but not by DZ twins (i.e., each MZ pair had their own id number and all DZs were treated as individuals who were unpaired, each having their own id number). 
The analyses that follow considered 4 predictors: 1) bilingualism, 2) starting age of SLA, 3) language anxiety, and 4) attitude towards language learning, and the effect they had on the dependent variables, i.e., the three measures of proficiency (twin self-ratings, teacher NC ratings and teacher rankings). See Table 3 below for descriptive statistics regarding these variables.

Table 3. Means and standard deviations of the variables of interest for the subset of the sample used in tests of each proficiency measure.
Proficiency measure	Starting age (yrs)	Starting age early startersa	Starting age late startersa	SLA anxietyb	SLA attitudec
Self-rating	8.86 (2.86)	7.64 (2.40)	12.13 (0.34)	1.71 (0.92)	1.17 (0.67)
NC rating	9.04 (2.86)	7.69 (2.38)	12.13 (0.33)	1.67 (0.90)	1.12 (0.67)
Teacher ranking	9.40 (2.81)	7. 09 (2.41)	12.14 (0.34)	1.65 (0.91)	0.87 (0.72)
a.	Early starters are children who had started learning the second language before 12 years of age, late starters had started after that age.
b.	Anxiety scores range from 0, high anxiety, to 3, low anxiety.
c.	Attitude scores range from 0, very good attitude, to 3, very poor attitude.

Bilingualism
To check whether bilinguals are better learners of another language than monolinguals, we ran an MLM with each proficiency measure as the dependent variable and with bilingualism status as a fixed effect. This is effectively equivalent to an independent-groups t-test but with the interdependence between twin pairs removed. The three proficiency measures were analysed separately because the samples for which we had data for each of them, though mostly overlapping, were not the same. Of the total number of monolingual and bilingual students (Ns = 524 & 36 respectively), some lacked data for one or more of the proficiency measures, and some of the bilinguals had to be excluded from some of the analyses because they were being rated on the same language they spoke at home (see Table 4 for specific sample sizes of each analysis). There was no significant effect of bilingualism for any of the proficiency measures (see Table 4 for details).





NC rating	260	3.45 (1.40)	12	4.42 (1.53)	-2.32	.183
Teacher ranking	180	41.50 (25.93)	8	33.24 (22.70)	0.78	.445
Note. In all tables, self-ratings range from 0, very good, to 5, very poor; NC ratings range from 1, beginning competence, to 9, expert competence; teacher ratings range from 1%, top of the class, to 100%, bottom of the class.

Starting age of ISLA
To assess whether starting to learn a second language earlier resulted in better outcomes, we selected only the monolingual students. Because the relation between starting age and ease of acquisition of a second language is thought to be discontinuous, i.e., dependent on the student having had their first contact with the second language before a certain critical age (see Introduction for discussion of the critical period hypothesis and justification of cut-off age), we divided monolingual students into two groups: one composed of students who had started learning the second language before the age of 12 y.o. (M = 7.64, SD = 2.40); and one composed of students who had started learning the second language after the age of 12 y.o. (M = 12.13, SD = 0.34). MLMs with starter group as the fixed effect (equivalent to independent t-tests) showed no significant effects of this variable on any of the proficiency measures: self-ratings, NC ratings, or teachers’ rankings (see Table 5).

Table 5. T-tests of the difference between early and late SLA begginers on second language proficiency with, specifically, early and late SLA beginners’ sample sizes, average proficiency (standard deviations), and effect size estimates of early SLA start on standardized scores of the three proficiency measures (self-ratings, NC ratings, and teacher ratings) with p-values adjusted for non-independence (via Mixed Linear Models).
Proficiency measure	Early starters	Late starters	t	p
	N	M (SD)	N	M (SD)		
Self-rating	383	1.31 (0.75)	143	1.24 (0.72)	0.44	.974
NC rating	202	3.32 (1.37)	 88	3.98 (1.55)	-0.12	.500
Teacher ranking	130	39.23 (25.04)	 71	39.43 (26.45)	0.05	.447

We also carried out MLMs on each of the three proficiency measures as the dependent variable with the age at which they had started to learn the second language as a continuous fixed effect, i.e., without dividing the group into early and late starters (thus, essentially as a correlation), and found no statistically significant effect of age for any of the three proficiency measures (all p’s > .500). 

Performance anxiety
To look at whether anxiety to speak in the non-native language is a contributing factor in how well the second language is learnt, we ran an MLM on the three proficiency measures with a continuous anxiety measure based on the results of a PCA (see Data Preparation above) as the fixed factor. This analysis is equivalent to a correlation. The correlations were all close to zero (see Table 6).






Teacher ranking	203	40.28 (25.51) 	.00	.338

Attitude towards ISLA
The attitude measure was a composite of a number of questionnaire items found in a PCA to load onto a component that related to attitude towards language learning and the language class (see Data Preparation above).
In order to check whether students’ attitude predicted the level of proficiency, we then ran an MLM for each of the three proficiency scores with attitude as the fixed effect (equivalent to correlations) and found that attitude was related to proficiency for each measure, such that the better the attitude towards SLA, the higher the proficiency (see Table 7).





Teacher ranking	192	40.23 (25.12) 	.30	.014

Monozygotic twins
We selected all MZ twin pairs where both twins were studying the same language (provided they did not speak the same language at home as they were learning at school), and created difference scores for the three proficiency measures by subtracting the adjusted and standardized scores of the two twins (i.e. twin 1 minus twin 2). The means on these absolute difference-scores were: 0.76 (S.D. = 0.64, N = 76) for self ratings; 0.29 (S.D. = 0.46, N = 42) for teacher rankings; 0.45 (S.D. = 0.50, N = 27) for NC ratings. 
Discordancy, i.e., when the two twins in a MZ pair present substantially different scores, was defined as having a proficiency difference score equal or greater than 1 S.D. In the case of self-ratings, there were 25 MZ twin pairs (33.3% of MZ pairs) who would be considered discordant (S.D = 0.64). The two teachers’ measures, NC ratings and rankings, resulted in only 5 and 4 twin pairs (11.9% and 14.8% of MZ pairs) respectively who could be considered discordant (S.D = 0.46 & S.D = 0.50 for NC ratings and teacher rankings respectively). It seems thus that twins see themselves as more different from each other than their teachers see them.
We also created difference scores for: 1) age at which the two twins had started to learn a second language, 2) performance anxiety, and 3) attitude towards language learning. For each of these, we calculated correlation coefficients between the proficiency difference-scores and these factors’ difference-scores to see if any of them was related to discordancy in MZ twins. 
In the case of starting age of SLA, there was a significant correlation with all proficiency measures’ difference-scores: twins’ self-ratings (N = 70, r = .45, p = .000), NC ratings (N = 36, r = -.74, p = .000), and teacher rankings (N = 25, r = .66, p = .000).
Difference-scores for language anxiety did not correlate significantly with any of the three proficiency measures’ difference-scores (self-ratings, N = 69, r = .01, p = .959; NC ratings, N = 36, r = -.17, p = .310; teacher rankings, N = 24, r = .37, p = .076). 
Finally, attitude correlated significantly with the difference scores for the three proficiency measures (self-ratings, N = 66, r = .36, p = .003; NC ratings, N = 32, r = -.44, p = .012; teacher rankings N = 20, r = .57, p = .009.

Discussion
The factors that we considered as possible influences on the development of proficiency in ISLA were: bilingualism, age of starting SLA (both as a discrete and a continuous variable), anxiety and attitude. Of these, attitude towards language learning provided the most robust findings. Additionally, starting age of SLA appeared significant when examining differences between monozygotic twins. Bilingualism and anxiety, on the other hand, showed no effect in any of the analyses. These findings are each discussed in turn in more detail below.
Bilingualism
The finding that bilingualism had no effect on proficiency was surprising since much of the literature on third and subsequent language acquisition supports the claim that prior bilingualism gives learners advantages in learning a third language  ADDIN EN.CITE (; , ). However, it is possible that it is not being bilingual but more specifically being biliterate that provides the advantages to further language learning. As well as the studies indicating that it is the biliterate learners that show advances in proficiency in the third language (; ), Thomas () also found that bilinguals who had received formal instruction in their second language outperformed - in learning of the third language - those who had only learned the second language in the home environment. While it is not clear why this should be so, we can speculate that the bilingual advantages seen in SLA may stem from the increased metalinguistic awareness which, although found to be stronger in bilinguals in general (), is likely to be greatly enhanced by having had explicit instruction about more than one language.
In any case, our lack of significant findings relating to bilingualism could stem from the fact that the bilingual twins in the study had all acquired bilingualism in the home and were not likely to have had any formal instruction in the home language. In fact, only 11 of 62 bilingual twins claimed to be somewhat literate in the home language.
It should also be mentioned that there were a number of limitations associated with the analyses on bilingualism. To start with, the definition of bilingualism was relatively broad and the classification into the bilingual group was based on the combined response to several questions, which would have affected the possibility of misclassification. This could have been particularly problematic given we only had a very small number of bilingual students who were not studying at school the same language they spoke at home.
Starting age
Although an earlier start in ISLA is associated in the literature with increased proficiency, we failed to find evidence of this when looking at the whole sample of twins. However, the analysis conducted only on the monozygotic twins did show the expected effect that an earlier start resulted in increased proficiency. This finding of monozygotic proficiency differences related to SLA starting age shows that, when a monozygotic twin started learning a second language earlier than their co-twin, they showed greater proficiency than their co-twin after correcting for their years spent learning a second language. An example may make this clearer: If Twin A started learning second languages in grade 5, while Twin B started in grade 7, after they have each been learning a second language for just one year (end of grade 6 for Twin A, and end of grade 8 for Twin B), Twin A is more proficient than Twin B as rated by both themselves and their teacher. 
Instead of trying to find a correlation between starting age and proficiency, the analysis on MZ twins looks specifically at the relation between differences in starting age and differences in proficiency between the two twins in a pair who, by virtue of sharing all their genes, are expected to be very similar in their outcomes. This more targeted test tends to be more sensitive. If we also take into account that the limited range of starting ages may have reduced our capacity to find significant results with the whole population, we could conclude that it is likely the results from the monozygotic twins are more reliable, concurring with prevailing findings in the literature about the advantages of starting to learn the new language earlier. However, the MZ finding could also be the result of twin competition, where the twin that started earlier has the psychological edge on the co-twin and so is motivated to be better while the co-twin does not try very hard because they know their twin is already ahead of them. If so, our null non-twin result would be accurate, while the significant MZ effect is a "contrast effect" of being an identical twin.
Anxiety
Language anxiety, while a well-known construct in SLA, did not appear to have any effect on proficiency according to the findings, as least as measured by the two questionnaire items included. This held for both the whole population as well as for the analysis performed on the monozygotic twins only. We suggest this may be because language anxiety is generally constructed as coming into play when learners have to interact in naturalistic situations with native speakers. It is perhaps less likely to play a role in classroom contexts where student contributions may be minimal, where assessment is individual and written, and where the class may be highly teacher-directed. 
Attitude
While the literature on motivation has identified at least 3 distinct constructs related to it (i.e., instrumental, integrative and intrinsic motivation), our PCA analysis resulted in only one factor which we labelled attitude which, as the reader may remember, is here considered a subset of the larger construct of motivation (see Introduction). This is not so surprising given that, as discussed in the Introduction, the age of our learners made it unlikely that they possessed integrative or instrumental motivation. Thus our results appear to be in agreement with those of Nikolov () who found that the motivations of similarly-aged children (6-14) were more related to the classroom experience and the teacher than to other factors. Indeed, the questions that loaded the most highly onto this attitude factor appear to be those that asked most specifically about the class environment (See Table 2, items a– f). Attitude was found to predict proficiency, and this is in line with prevailing findings in the literature (; ). In themselves, however, these results do not indicate whether it is positive attitudes that lead to increases in proficiency or the reverse, since how well students do in their language learning could very well be driving their attitude rather than their attitude towards language learning ensuring they study and learn better.
We believe, however, that the fact that the same results were obtained in our analyses of the MZ twins helps eliminate some of the factors often cited as confounding the interpretation of this kind of correlational data. One of these possible confounding factors is “natural ability,” which researchers generally take to be genetically determined and which is likely to affect achievement rather than attitude. However, given the genetic similarity of these twins, MZ discordancy must be driven by environmental differences, not natural abilities. This extends our non-twin findings in an important way since, with significant non-twin results alone, there is no way to rule out the claim that our association between attitude and proficiency is simply a consequence of the same genes influencing both. However, our finding at both the non-twin and MZ discordant level shows the effect has to be environmental rather than genetic in nature.
The other potential confounding factors we can eliminate are environmental in nature: L1-L2 differences (i.e., linguistic distance between the native language and the language being learned) and differences in teacher skills. Different teachers could clearly influence either achievement, attitude, or both. Similarly, it seems safe to assume differences between the first language and the language being learned, if uncontrolled, could impact either achievement or attitude. In the present study, L1-L2 differences can be eliminated because the same language was being studied by each member of a twin pair, and differences in teacher skill can be (almost) eliminated because in all but 6 pairs the twins had the same teacher as their co-twin. If attitude is in fact driving achievement differences, it may result from such things as friendship groups not shared by members of a twin pair, or personal affinities for particular languages occasioned by unique experiences of the twins. These possibilities certainly invite further investigation. If, on the other hand, achievement is driving attitude differences, that may come about, for example, by preferential treatment by a teacher for one twin over the other. This, too, would be a worthy topic for further research. In general, the use of MZ discordancy in the search for factors affecting ISLA is a valuable technique to include in researchers’ “tool kits” even though this design is not definitive in sorting causal direction in correlational data.

Conclusion
Although a great deal of research has been conducted on the effects of various factors on ISLA, this is one of few using such a large sample of students (524) and using a twin design to enquire further into the influence of environmental effects. Furthermore our respondents were drawn from all around Australia and represented eight different educational jurisdictions, with children learning a variety of foreign languages. All of these factors contribute to the potential generalizability of the findings.
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Appendix A: UK’s National Curriculum assessment scale for Listening and Responding regarding language learning.
1. Pupil shows that s/he understands simple classroom commands, short statements and questions. S/he understands speech spoken clearly, face-to-face or from a good-quality recording, with no background noise or interference. S/he may need a lot of help, such as repetition and gesture.
2. Pupil shows that s/he understands a range of familiar statements and questions [for example, everyday classroom language and instructions for setting tasks]. S/he responds to a clear model of standard language, but may need items to be repeated.
3. Pupil shows that s/he understands short passages made up of familiar language that is spoken at near normal speed without interference. These passages include instructions, messages and dialogues. Pupil identifies and notes main points and personal responses [for example, likes, dislikes and feelings], but may need short sections to be repeated.
4. Pupil shows that s/he understands longer passages, made up of familiar language in simple sentences, that are spoken at near normal speed with little interference. S/he identifies and notes main points and some details, but may need some items to be repeated.
5. Pupil shows that s/he understands extracts of spoken language made up of familiar material from several topics, including present and past or future events. S/he copes with language spoken at near normal speed in everyday circumstances that has little or no interference or hesitancy. S/he identifies and notes main points and specific details, including opinions, and may need some repetition.
6. Pupil shows that s/he understands short narratives and extracts of spoken language, which cover various past, present and future events and include familiar language in unfamiliar contexts. S/he copes with language spoken at normal speed and with some interference and hesitancy. S/he identifies and notes main points and specific details, including points of view, and needs little repetition.
7. Pupil shows that s/he understands a range of material that contains some complex sentences and unfamiliar language. S/he understands language spoken at normal speed, including brief news items and non-factual material taken from radio or television, and needs little repetition.
8. Pupil shows that s/he understands different types of spoken material from a range of sources [for example, news items, interviews, documentaries, films and plays]. When listening to familiar and less familiar material s/he draws inferences, recognises attitudes and emotions, and needs little repetition.


















^1	  Since Australia has no standardised assessment system for second language learning, we used the UK National Curriculum standards. The UK National Curriculum attainment targets can be found at: http://curriculum.qcda.gov.uk/uploads/MFL%201999%20programme%20of%20study_tcm8-12069.pdf?return=/key-stages-3-and-4/subjects/modern-foreign-languages/index.aspx.
^2	  At the time the data were gathered, the Common European Framework of Reference for Languages was still in development.
^3	  Questionnaires also contained other items not relevant to the present paper. Full questionnaires are available from the authors on request.
